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Boranametallacarboranes. 2. Crystal and Molepular Structures
of [2,3-(C,H) ,CoB,H,]1-5-ColBgH, ,~1-0(CH,) 1,
[2,3-(CH3)2C283H5]-S-Co[Bgﬁlz-l-o(CHz)4], and ‘
1
[1,2- (C2H5) 2C287H7]-6-C0[39H12-2-0 (CHZ) 4]

Lester Borodinsky, Ekk Sinn, and Russell N. Grimes®

Abstract. X-ray crystallographic studies were conducted on the
title compounds, which were obtained from reactions of
2,3-R,C,B,H.” ions (R = CHy or C,H;) with species formed from

2727475
CoCl, and B.H T or B9H14-, as described in the preceding article.

578
Each complex incorporates both metallaborane and metallacarborane
cages sharing a common metal atom, an arrangement not previously
known. In all three species, the borane ligand is formally
[BQHIZ-O(CH2)4]— a derivative of Bng32— in which a tetrahydrofuran
(THF) substituent displaces a terminal H ; the C039 cages are
analogous to B10H14 with cobalt occupying the 5~ or 6-position on the
open face. The carborane ligands are different in the three
compounds, such that the cobalt atom completes a 7-vertex closo-
CoCzB4, a 6~vertex nido-CoCzB3, and l0-vertex clc;so—Cc:szB.7
framework, respectively. 1In each case the borane and carborane
ligands are arranged in a mutually twisted, unsymmetrical
conformation which appears to be a consequence of electronic
factors rather than steric interaction between the ligands. 1In
the (R2C2B7H7)CO(B9H12,THF)complex, the l0-vertex CoC,B, cage

contains a long C-B bond[2;l92(9)g] which creates a quasi-open face, 3
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and which may arise from the presence of electron density beyond
the "normal" (2n+2)-electron allotment in the skeletal bonding
mélecular orbitals of the cobaltacarborane. Crystal data:
[2,3-(CZHS)2C234H4]—S-CO[Bgﬂlz-l-o(CHZ)4], mol wt 370.0, space
o
group P21/n, 2 =4, a=14.175(4), b = 9.032(6), ¢ = 17.771(3) A,
o .
B = 112.12(3)°, V = 2108 A3, R = 0.038 for 2543 reflections having
2 2
FO >3°(Fo )- [2,3-(CH3)2C233H5]‘5-CO[39312-1-0(CH2)4]I mol wt
332.0, space group P2;/n, 2 = 4, a = 8,692(2), b = 9.658(4),
) -] (-]
c = 22,383(9) A, 8 = 97.51(4)°, V = 1863 A3, R = 0.053 for 2370
reflections having §°2>30(F02). [l,2m(C2H5)2C237H7]-6—Co[BgH12_
2-0(CH3) 4], mol wt 405.3, space group P2;/c, Z = 4,a = 13.166(7),

o -]
b = 12.)166(5), ¢ = 14.786(4) A, B = 105.99(5)°, V = 2277 A3,

R

0.065 for 2426 reflections having F02>30(F02).
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Introduction

Reactions of CoCl; with the borane anions BgHg™ or BgHi147,
with subsequent addition of the nido-carborane anion 2,3~
RyCyB4Hg™ (R = CH3 or CpHg), afford a series of mixed-ligand
boranacobaltacarboranes consisting of metallaborane and

metallacarborane frameworks sharing a common metal atom.2 The

synthesis and spectroscopic characterization of these species,
the first examples of this genre, are described in the

accompanying report.2 The structures of the new compounds could

not be assigned with confidence from NMR data alone, even at

high field strengths, since in each case the spectra are

complicated by the presence of both a borane and a carborane

ligand. Consequently, X-ray crystallographic studies were

conducted on three of the new compounds (labelled II, III, and V
in the preceding paper), which contain three different carborane
ligands and hence can serve as prototypes for structural
assignments on other members of this class. Although the

spectroscopically characterized species were all derived from

C,C'-diethyl carboranes,2 the X-ray investigation of III reported

herein was conducted on the dimethyl homologue.

Experimental Section

Data Collection and Reduction.

Crystals of [2,3-(C2Hg)2C2BgH4]-
5-Co[BgHy»-1-0(CHp) 41 (II), [2,3-(CH3)2C3B3Hg]-5-Co[BgH)2~1-0(CH32)4]
(X11), and [1,2-(CyHg) CyB9H7]1-6~-Co[BgH]2~2~0(CHy) 4] (V) were grown
by slow evaporation in, respectively, 5% CH2C12 in hexane at 10°C,

CHpCl, at 23°C, and hexane at 10°C. Each crystal was mounted on

a glass fiber in an arbitrary orientation and examined by
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preliminary precession photographs which indicated acceptable

crystal quality.

.  Relevant parameters for the data collections and structure
determinations are given in Table I. The procedures followed in data collection
3 .
and processing have been described elsewhers. Space groups were chosen on the

basis of chemical and spectroscopic information. .

i el

; The intensities of three standard reflections, monitored at

T T
-

regular intervals, showed no greater fluctuations during the data

collection than those expected from Poisson statistics. The

raw intensity data were corrected from Lorentz-polarization

effects and then for absorption, except in the case of III where

the crystal was too irregular in shape to permit an absorption

correction. Only those reflections for which F°2>30(F°2), where

b,

R TS TR g e Ve
SR
’

F°2 was estimated from counting statistics (p = 0.03), were

1} used in the final refinement of the structural parameters, after

averaging for equivalent reflections.

AL Bl st i s v e R e Lo e e

Full-matrix least squares refinement was based on F, and

the function minimized was 2w(|F°| - |Fc|)2‘ The weights w were

T Y
LR

2.]2
taken as[?Fo/a(Fo )| ©, where |Fo| and IFCI are the observed and
calculated structure factor amplitudes respectively. The atomic

scattering factors for non-hydrogen atoms were ‘aken from Cromer
5

K lu‘mv e
T™F

and Waber4 and those for hydrogen from Stewart, et al. The
effects of anomalous dispersion for all non-hydrogen atoms were
included in F using values of Cromer and Ibers6 for Af' and Af".

Solution and Refinement of the Structures. The cobalt atom in

each compound was located from a three-dimensional Patterson
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difference map calculated from all intensity data., The data

were phased sufficiently well by these positional parameters

so that the non-hydrogen atoms were located from subsequent

Fourier difference maps. Anisotropic thermal parameters ware

then introduced for all non-hydrogen atoms. In the case of

III, additional Fourier syntheses disclosed all of the hydrogen
positions; for II and V, several hydrogen locations had to be
calculated, and these were included in subsequent refinements.
For all three structures, all hydrogen positions were allowed to
vary for several cycles of refinement and thereafter held fixed.
In each case, a final Fourier difference map was essentially
featureless.

The models converged to the R and Rw values listed in
Table I, where R = EIIFOI - IFCII/EIFOI and R, = (zw(lFol -
IFCI)Z/ZWlFOIZ)%. Tables of observed and calculated structure

factnrs are available (see paragraph on Supplcmentary Material

at the end of the paper). The principal programs employed in

this work have been described elsewhere..7

Results and Discussion

Final positional parameters for the three

compounds are given in Tables II-IV, bond distances are listed

in Tables V and VI, and Tables VII and VIII contain selected

bond angles (in each *able, the digits in parentheses are the
estimated standard deviations in the least significant figures
guoted). Tables of selected mean planes are available as
supplementary data.

Figures 1-3 show the molecular structures and atom numbering

while figures «-6 depict the unit cell packing.
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[2,_3" (C2ﬁ5) 7C7B4§4]"‘5"C0 [Bgﬂlz-l‘o (CHQ_!_‘] (II) and

[2,3-(CH3) 2C7B3Hg)-5-Co [BgH) 2=-1-0 (CHp) 41 (III)

.. Compounds II and III are structurally related, both species

containing a nido-CoBg cage framework analogous to BjgHy4 with
cobalt occupying the 5-position. In II, the cobalt atom also

completes a 7-vertex closo CoCyB,; polyhedron, while in III the

b Lo it

cobaltacarborane moiety is a nido CoCBj system; II can be

" e

converted to III by removal of the apex BH unit on the carborane

ligand and addition of two protons in B-H-B bridging locations

153 kbt aL A i s
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(such a conversion has been experimentally observed).2

An obvious, and at first perhaps surprising, feature of the

o bt ]

£ structures of II and III is the relative orientation of the borane
éJ and carborane ligands, in which the midpoint of the Q(2')-C(3')

bond in the carborane cage is approximately aligned above B(6)

e 3 bt ot b S e U B 2 e

of the borane framework. This arrangement is not easily explained
on grounds of steric repulsion between the ligands; examination of
models of II and III suggests that such interactions would be

small and that, from steric considerations alone, almost any

i Mo by it ke

ligand conformation could be readily accommodated. -Hence we
postulate that the observed ligand orientation in II and III is
dictated by orbital directive effects on cobalt. 1In both species,

the borane and carborane ligands are highly asymmetric and thus

it is reasonable to expect a strong dependence of energy on ligand

s T

conformation. The fact that II and III, with different carborane

] ligands and different alkyl substituents on carbon, adopt essentially j

the same ligand orientation, tends to support an electronic rather

than a steric explanation for the observed arrangement. At this
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point we are not prepared to offer a detailed picture of metal-

C i

ligand orbital overlap in these complexes, although with

i

imagination this could undoubtedly be done.

The Cobaltaborane Cages. One would expuct the CoBg

ke, o

frameworks in II and III to be closely similar and this is indeed
the case, as shown by comparison of the corresponding bond distances P
and angles (Tables V and VII). The previously reported cobaltaborane o

5-(n5-05H5)CoBng3,8 the only other structurally characterized

MBg cage in which the metal occupies a 5(7, 8, 10)-vertex, also

resembles II and III except for a slightly shorter average boron-

boron distance in the CgHg compound. Another obvious comparison
is with BjgHj4 itself,9 whose individual B-B bond lengths differ

(-]
from their counterparts in II and III by an average of 0.01l6 A,

less than three standard dev: ations. 1In all four compoﬁnds-—II, IIT,

et v A A a7 2 b S et P ST TR P

ByoH14, and 5—(n5_C5H5)CoB9H13-—the longest B~B bonding interaction {
is B(7)-B(8) and the shortest is B(4)-B(9). The latter trend i

also holds true for the dicobaltaborane 5,7-[n>-Cs(CH3) 5] 2CosBgH; 5

rad bl st iom s b e

(another BjgH14 analogue) and its 6-chloro derivative.?
As expected from previous structural studies of MBg nido
8,10,11

complexes, the Co-H-B biiidges are unsymmetrical, with the

Co-H distances substantially longer than the corresponding B-H
legs. Trends involving the B-H-B bridges are less clear; some of
these appear symmetrical (i.e., with nearly equal B~H lengths)
while others do not (Table V) but as is usually the case with
X-ray investigations of such species, the hydrogen locations can

be viewed only in approximate terms.

A number of previous crystallographic studies of MBg and MjBg

L verm— e
[P U U S TR e




analogues of BjgHj4 have been reported, including the
cobaltaboranes 5~(C5H5)C089H13,8 6~[CS(CH3)5]C089H13,1°

5,7= [C5 (CH3) 5] 2C09BgH) 2, 10 6=-Cl- [Cs (CH3) 5]C0238H11,10 and

6,9—[CS(CH3)5]2C0258H12,10 and several mangana-and rhenaboranes

of general formula 6-(CO)3MBgHjR, where R = H, THF, (CgHg)20, or

éf (C2H5)3N(CH2)40.11 In all cases, the metal atoms are located on

; the open face of a decaborane-like l0-vertex framework, and the
four bridge hydrogens are disposed on the open face in a manne~-
] analogous to BjpgHj4. One example of an MBg system in which the
metal is not on the open face, i.e., 2-(CsHg)CoBgHjy3, has bheen

12

prepared but X-ray data is not yet available. Insofar as the

i ity ot 3G e b
—

CoBg cages in II and III ace concerned, the gross geometries

retain the remarkable similarity to BjgHj4 which has previously P

7 5 T

been noted in the other metallaboranes cited.

The Cobaltacarborane Cages. The 7-vertex CoC3B4 cage in

II is isostructural and isoelectronic with a large family of closo
MCyB,; species, of which several have been crystallographically

characterized; of these, the three most directly related to II are
13

[

1,2,3-(CgH5)Co(CH3) 2CpBgH4 the 5-cobaltocenium derivative of , i
[2, 3~ (CH3) 5C2B3H5]Co (2, 3- (CH3) 2C,B4H,)~ ion,* and the bis(carboranyl)

complex [2,3-(CH3)2C2B4H4kFeH2.ls (The parent carborane system,

b 2,3-C3BgHy, and its borane anion analogue B7H72‘, are both knownle'17

but have not been structurally studied by rigorous methods). 1In
addition, the formal R2C234H42‘ ligand in II can be compared with
E the corresponding nido-carborane RyCyB4Hg (R = H or CHj) for which
é! X-ray data are available.18 In all of these the gruss pentagonal

pyramidal or bipyramidal geometry is preserved, with a framework
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Q
C~C distance between .1.40 and 1.49 A 6suggesting a degree of
localized double-bond character between the carbons;19 the

value in IT [1.466(5) A] is within this range.

:

The C2B3 ring in II, which is the face.presented to cobalt,
is planar and located 1.616 R from the metal, The
methyl group carbons are significantly deflected out of the
C2B3 plane in a direction away from cobalt, which interestingly
is opposite to the situation in III (vide infra).

In compound III the carborane moiety is a 6-vertex nido
CoCyB3 framework having two B-H-B bridges on the open face.
Although this is a common structural type, the only other species
of this class for which X-ray structures have been reported are
1,2,3-(CO)3FeczB3H72° and the previously mentioned cobaltocenium
derivative of [2,3-(CH3)2CyB3Hgluul2, 3= (CH3) 5CoBaHe]1 - Y 1In both
the latter species and III, the methyl carbons on the open C,B3
ring are bent out-of-plane toward cobalt; in contrast, the
substituents on pyramidal R2CZB4H42_ ligands are invariably bent
away from the metal (as in II, noted above). This effect is
undoubtedly associated with differences in orbital hybridization
of the framework carbon atoms in open (CyB3) vs. closed (C2By)
ligands. A related observation is the shorter carbon-carbon
distance in the C3Bj ring as compared to the CBy group; compounds
II and III, for example, exhibit C-C bond lengths of 1.466(5) and
1.398(4) R. This trend is quite general, and has been attributed“'lg'21

to the lower coordination of the C3B3 carbons as opposed to their

C2B4 counterparts, which produces higher C-C bond order (probably

multiple-bond character) in the C;Bj ligands. Another consequence

R
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of the difference in coordination is that the cobalt atom is l
closer to the C3B3 ligand in III than to the C2B4 ligand in II,

the respective vector distances being 1.575 vs. 1.616 R. Again,

Ak i

the same effect is seen elsewhere, notably i.n (C5Hg) Co (CgHy) =
[2,3-(CH3) 2C2B3Hg]Co[2, 3~ (CH3) 2C3B4He] ™, which contains both types

of ligands.l4 It has been suggested that in metal complexes of 5
C2B4 ligands, the presenca of the apex atom [B(7)] diverts electron

density out of the C-C and C-Co bonds and weakens them in comparison

to the C3Bj3 comple.»xes.]‘4

In both II and III, the cobalt atom is much closer to the
borane then to the carborane ligand; the vector distances are
respectively 1.297 and 1.616 A in II, while in III they are 1.318

and 1.575. This effect arises from the relatively large "spread" :

of the B, bonding face on the borane ligand, which requires that

the c¢obalt move closer to that group in order to achieve normal

Co-B bonding (a similar observation® was noted for 5-(n5—C5H5)CoB9H13)°
When the metal is in the 6-position of the MBg cage, as in V, the

situation is very different because the bonding face on the borane

v et it s K s n e n e R

ligand is now only trihaptc (ignoring bridging hydrogens);
consequently, the metal-cage vector is relatively long (e.qg.,

1.521 R in V). This contrast between 5-and 6-cobalt substitution is
also dramatically evident in the structures of several
[n5~C5(CH3)5]CoB9H13 and [ns-Cs(CH3)5]2C0283H12 species reported
elsewhere,lo in which the metal-borane vectors are about 1.33 i

in the 5-CoBg and 5,7-CozBg complexes and 1.45-1.47 A in the 6-CoBg

and 6,9-CoyBg systems.

3
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Comparison of R2C254H62“ an’ R20233H52' Ligands with ngg; In

P T e e e, € s ot o )

view of the larger covalent radius of boron compared to-carbon
(~-0.82 vs. 0.77 R), one might have expected to find metal-carborane
ligand vectors slightly longer than metal-CsRs vectors in comparable
species. Yet comparison of II and III with their CgRg counterparts—
5- (n°~C5Hg) CoBgH13, 5,7-[n°=-Cs(CH3) 5),CozBgH1; and the 6-Cl
derivative of the latter complex—reveals that the metal-carborane
ring distances are in fact much shorter; typical Co-CgRs vectors
exceed 1.7 R, about 0.1 to ).2 R greater then the corresponding
metal-C5B3 or metal-CyB4 values. We interpret this large effect

as evidence of much greater covalence in the metal-carborane
interaction and, accordingly, of a large degree of ionic character
in the metal-CsRs bonds. This qualitative view is consistent with
theoretical and UV~-photoelectron spectroscopic studies of related

metallaboranes and metal-hydrocarbon complexes.2

Tetrahydrofuran Ligands. A curious feature of the structures

of II and III is the presence of O(CH2)4 substituents in two
different conformations. In II, the THF ring adopts the "twist"
mode of approximate C; symmetry, while in III the "envelope" (Cg)
conformation is found. 1In V, discussed below, the THF group is of
the twist type, while ¥-ray studies of the 2- and 6-THF derivatives
of 6-(CO)3MnBgH)3 revealed both envelope and twist forms,
respectively.lla Clearly, no distinct preference exists for either
conformation; indeed, one reported structure23 contains different
THF molecules in both the twist and envelope modes!

The location of THF at B(l) in II and III marks that

boron as the most electrophilic site on the cage, and together with

¢

i

Desh o plre 5.
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V, extends the previously noted!"1 tendency of THF to attack at
2 boron adjacent to the metal in MBg nido systems.

. 11, 2-(CpHg) 2C»B7H71=6-Co [BgH1 2-2-0 (CH2) 4] (V)

Compound V, : other bcranacobaltacarborane similar to II and
III, differs from them in two major respects: cobalt occupies the
6- rather then the 5-vertex in the CoBg nido framework, and the
cobaltacarborane cage is a CoC3B7 system (Figure 3). The molecule
is at present the only known example of a system incorporating fused
l0-vertex nido and closo cages. As is the case with II and III, the
borane and carborane units are oriented with a peculiar "twist"
such that the RCCR portion of the carborane ligand is well out of
alignment with the open face on the CoBg cage. Again, a probable
explanatiol. Jf this arrangement is that it is controlled by
requirements of orbital geometry on the cobalt atom, and not
primarily by steric interaction between the ligands. A notable and
somewhat unusual aspect of the structure is the presence of only one
carbon atom on the carborane-metal bonding face despite the open
CoyB3 face on the original R2CZB3H52" reagent.

The CoBg Cage System. As with II, III, and all other nido-MBg

frameworks thus far characterized structurally, the molecular
parameters closely resemble those of BjgHj4 when one allows for

the distortion introduced by introduction of a cobalt atom at the
6-position. Of previously reported cobaltaborane structures, those
most closely related to V are 6—[n5—C5(CH3)5]CoB9H13 and
6,9-[n5—C5(CH3)5]2C0283H12,10 and as expected there is considerable
similarity between these species and V. The Co-H-B bridges in V

are typically asymmetric with the longer legs attached to cobalt.
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The vector distance from cobalt to the B(2)~B(5)-B(7) bonding

face is 1.521 R, slightly longer than the corresponding vectors in
5-{n5—c5(CH3)5JCo39H13 and 6,9—[n5-c5(cn3)S]ZCogsgﬂlz (~ 1.47 R).
This is what one would expect if the cobalt atom in V participates
in largely covalent bonding interactions with both ligands; in the
Cg (CH4) 5-Co complexes, the Co-Cg bonding-is viewed as primarily ionic
(see above), allowing the Co-Bg covalent cage interaction in those
species to be measurably stronger than it is in V.

The CoC,B7_Cage System. The cobaltacarborane unit in V has

the gross geometry of a l0-vertex closo polyhedron, i.e. a bicapped
square antiprism with the cobalt in one of the equatorial belts. ]
The two framework carbon atoms are located, respectively, in an

apex position and in an equatorial vertex adjacent to cokalt;

g R S vl

there is only one Co-C bonding interaction. The ethyl substituent

groups are directed away from each other and form a nearly
coplanar array with the cage carbon atoms.
With one notable exception, the bond distances in the

cobaltacarborane cage are within normal ranges. However, the

JUUTRO TR CLIICY R PP IR LI B

Q
C(2')-B(3') interaction is extremely long [2.192(9) A], indicatiing
a weak bond but a bond nevertheless (C-~B distances of 2.12 to 2.25

-]
A have been observed in earlier studies of carboranes.)24 As a

e B e e T

consequence of the elongation of the C(2')-B(3') edge, the C(2')-

i

g
i
i
g
i
;a

C(1')-B(3')~-Co array could be regarded as a pseudo-open face.
There being no indication whatever of any steric interaction to
account for the long C-B bond, we must look for an electronic
cause. In the accompanying paper,2 the CoC3B7 polyhedron in V is

described as a 22-electron, l0-vertex closo system which obeys the
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25 .
Wade electron-count formalism., In order to arrive at the
22-electron total, a contribution of two electrons from cobalt
to_the CoCyB7 cage was assumed; this, together with a contribution

of one electron to the CoBg framework plus six electrons assigned,

as usual, to "nonbonding" orbitals on the metal, would account
P for the nine valence electrons of the cobalt atom. TIf, however,
i some of the assumed "nonbonding" electron density finds its way into

the carborane cage, the anticipated result would be a distortion

in the form of bond-stretching or bond-breaking, depending on the
Ei magnitude of the effect. Moreover, it is quite reasonable that the
i stretched bond would involve C(2') as this atom thereby approaches a

favored lower-coordinate state; the apex carbon C(l') is already

:; low-coordinate, so the "incentive" for bond-stretching :y: cleavag

3

would lie with th= nominal high-coordinate carbon, C(2').

Why might there be some leakage of electron density from

"nonbonding" orbitals on cobalt into the skeletal bonding molecular

orbitals in the cobaltacarborane polyhedron? The answer may lie in

the peculiarly crowded and asymmetric arrangement of the borane

o memrmdit ] B sl S ina s e T

. and carborane ligands around cobalt, which may well drastically alter
the hybrid orbital energies relative to more symmetric g
‘} arrangements as are found in cobaltocene or in bis(carboranyl) metal =

{ complexes such as (R,C3BygH,) gFeHy and (RpCBygH,) oCoH.

e TR TR T

A related report involving anomalous bond-stretching in an
MC,B7 polyhedron occurs in the platinacarborane 7,1,6-[(C2H5)3P]2::
Pt (CH3) 2C2ByH7, which has a PtCB, open face.?® 1In this case the .

‘o
"stretched" edge is a B-B interaction of 2.57 A, clearly nonbonding.

Polyhedral distortions of this type are common in heavy-metal
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metallacarboranes, especially those of platinum and palladium;

the effect has been attributed to unequal contributions of the

metal 5d ., and dez orbitals to skeletal bonding, which lead to E:

"violations" of Wade's rules.2’ However, such arguments seem

inapplicable to cobaltacarboranes, which rarely exhibit

distortion in (2n+2)-electron polyhedra. -

Aside from the long C(2')-B(3') bond, the CoC3By framework

e it s

in V is comparable to other l0-vertex closo borane systems that have

! been characterized by X-ray diffraction, including the [(1,6-CyB7Hg) 2~

hiadit st

2-Co]” ion, 2,6,1,10-(n5-C5H5)2C02C2363829 (in which the skeletal

carbon atoms occupy the 1,6 and 1,10 vertices, respectively),

1
2,3,10—(n5-C5H5)2NiCoCB7H3,3o 1,6- (CH3)2C238H3,31 and the BlOHloz- ;
ion.>% al1 of these are 22-electron (2n+2) systems which adopt %
regular bicapped square antiprism geometry as expected. é
Acknowledgment. This work was supported by the Office of Naval 1
Research. é
Supplementary Material Available. Listing of observed and calculated E
structure factors, anisotropic thermal parameters, and sel-cted j
least~squares planes (46 pages). E
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Experimental Parameters and Crystal Data

mol wt

space grp

a(a)
b(A)
c(a)
]

vad)

u(cm-l)

D(calc'd)

A8

B2

max trns coef
min trns coef
26 range (deg)
refl obs'd
refl rfn'd

R

R,

esd unit wt
Z

crystal
dimensions
(mm from
centroid)

II

369.86
PZJ/n

14.175(4)

9.032(6)

17.771(3)
112.12(3)

2108

8.4
1.165
0.€60
0.35
0.89
0.83
0.7 - 25
3094
2543
0.038
0.039
l.1

4

332.00
P21/n

110
110
011
011
011
ol

a
For explanation see ref. 3.

(0.175)
(0.175)
(0.155)
(0.155)
(0.175)
(0.175)

TII

8.692(2)
9.658(4)

22,2383(9)
97.51(4)

1863

9.4
1.184
0.60
0.35

——

0.7 - 25
3228
2370
0.053
0.061
2,2
4

no
regular
faces

405.31 i
le/c "3

105.99 (5) ]
2277 *

L:;‘:.-,,. iy ol o oo iy ot L e
PRI T% - TH

\'4

13.166(7)
12.166(5)
14.786(4)

7.8
1.182
0.60 E
0.35 |
0.91
0.88

1.5 - 52
3694 3
2426 j
0.065 }g
0.068

1.7

4

100
Ioo
110
110
110
110
001
00l

(0.09)
(0.09)
(0.10)
(0.10)
(0.11)
(0.11)
(0.26)
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Table V. Bond Distances (A) in II and III

Il III

Cobaltaborane Framework

-~

% . Co - B(1) 2.066 ( 4) 2,067 ( 3)
% Co - B(2) 2.128 ( 4) 2.158 ( 3)
; ' Co - B(6) 2.001 ( 4) 2.085 ( 3)
; Co - B(10) 2.197 ( 4) 2.190 ( 3)
é B(1) - B(2) 1.768 ( 5) 1.756 ( 4)
' B(1) - B(3) 1.779 ( 6) 1.787 ( 4) 1
B(1) - B(4) 1.811 ( 6) 1.813 ( 4) 5
i B(1) -~ B(10) 1.774 ( 6) "1.757 ( 4) i
‘ B(2) - B(3) 1.803 ( 6) 1.790 ( 4) %
B(2) - B(6) 1.751 ( 6) 1.735 ( 4) §
B(2) - B(7) 1.787 ( 6) 1.789 ( 4) %
j B(3) - B(4) 1.770 ( 6) 1.781 ( 4) 'é
} B(3) - B(7) 1.742 ( 6) 1.724 ( 4) 5
j B(3) - B(8) 1.764 ( 7) 1.739 ( 4) %
1 B(4) - B(8) 1.778 ( 6) 1.762 ( 4) :
3 B(4) - B(9) 1.715 ( 7) 1.707 ( 4)
-} B(4) - B(10) 1.807 ( 6) 1.795 ( 4)
: B(6) - B(7) 1.796 ( 7) 1.805 ( 5)
1 B(7) - B(8) 1.994 ( 6) 1.981 ( 5)
5 B(8) - B(9) 1.773 ( 8) 1.789 ( 5) 3
| B(9) - B(10) 1.805 ( 7) 1,798 ( 4) 3
Co - H({56) 1.51 ( 3) 1.688 ( 3) f
B(6) - H(56) 1.25 ( 3) 1,060 ( 3) ;
B(6) - H(67) 1.34  ( 3) 1.291 ( 3)
1

(continued)
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- Table V, continued
Fé B(7) - H(67) 1.20 {4 1.292 ( 3
3 B(8) ~ H(89) .34 (3 1.281 ( 3)
i T B(9) - H(sy) 1.29 (3 1.210 ( 4)
£ B(9) - H(310) .29 (g © l.250 ( 3)
4 B(10) - H(910) 1.22 (4 1.257 ( 3
5; Cobaltacarborane Framework :
| 11 I11 ?
# Co - c(2') 2.072 { 4) 2.145 ( 2) |
s Co - c(37) 2.076 ( 4) 2.131 ( 3) i
g; Co ~ B(4') 2.104 ( 5) 2.056 ( 3) §
L) Co ~ B(57) 2.122 ( s5) 2.036 ¢ 3) g
a2 Co - B(s") 2.128 ( 5) 2.076 ( 3) ;
§5§ c(2') ~ c(3v) 1.466 ( 5) 1.398 ( 4) %
P C(2') - B(6") 1.542 ( 6) 11.509 ( 4 ?
C(2') - B(77) 1.760 ( 6) — 3
E

C(3') - B(4") 1.539 ( ¢) 1.522 ( g)

C(3') - B(7') 1.773 ( ) — a
B(4') - B(S') 1.665 ( 6) 1.763 ( s) |
" B(4') ~ B(7") 1.759 ( 6) e

zf B(S') - B(6") 1.678 ( 6) 1.795 ( s5) 5
f; B(5') = B(71) 1.715 ( ) — | j
i B(6') - B(7') 1.769 { 6) — |
- c(2') - ¢ (2um) 1.514 ( ¢) 1.502 ¢ ¢ %

C(2M) ~ c(=E) 1.412 ( 8) ' —

TS

L SR

C(3') C(3M) 1.512 ( 5) . 1.822 ( 4)

C(3M} -~ C(3E) 1,449 ( 8) —

(continued)
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Table V, continued

II
B(4') - H(45") —_
B(5') - H(45') —_
B(5') - H(56") —_
B(6') - H(56") —_

Terminal Hydrogen

ITI

1.281
1.055
1.309
1.157

Atoms (Mean Distances)

<B - H>
<C(CH3) - H>
<C (CH2) - H>

<C(THF) - H>

0 - B(1)
0 - C(4)
0 - C(7)
C(4) - C(5)
C(5) - c(6)
c(6) - c(7)

.092
.030
.954

© o K M

.938

Tetrahydrofuran Ring

1.524 ( 4)
1.469 ( 5)
1.480 ( 4)
1.506 ( 6)
1.522 ( 6)

1.490 ( 6)

1.086
0.890

0.915

1.526
1.471
1.469
1.484
1.473

'1.445

4)
3)
4)
3)

(3)

3)
3)
4)
5)
4)

PERERIPIe Y S TN ! TARTRERL LA
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-]
Table VI. Bond Distances (A) in v

Cobaltaborane Framework

-

Co - B(2) 2.091 ( 6) B(4) - B(9) 1.675 (10)
_ Co - B(5) 2.176 ( ) B(4) - B(10) 1.786 ( 8)
;E ‘ Co ~ B(7) 2,135 ( 5) " B(5) ~ B(10) 2.000 (8)
- B(1) - B(2) 1.791 ( 7) B(7) ~ B(8) 2.033 (8) |
3 B(1) - B(3) 1.804 ( 8) B(8) ~ B(9) 1.756 (9)
?g B(1) - B(4) 1.806 ( 9) “ B(9) - B(10) 1755 an
| B(1) - B(5) 1.788 ( 8) 20) - (56 12 (6
E BL1) - B{10)  1.790 { 8) Co - H(56) 1.685 (§) ]
é B(2) - B(3) 1.758 ( 7) Co - H(67) 1.546 ( 6) §
B(2) - B(5) 1.777 ( 7) B(7) -~ H(67) 1.457 (7)
B(2) - B(7) 1.764 { 9) B(8) ~ H(89) 1.268 ( 7) g
B(3) - B(4) 1.787 ( 8) B(9) - H(89) 1.327 (1) 4
B(3) - B(7) 1.744 ( 9 B(9) - H(910)  1.309 ( 7 ;
B(3) - B(8) 1.712 (10) B(10) - H(910) 1.470 ( 7 ;
B(4) - B(8) 1.735 (11) 3

Cobaltacarborane Framework

Il sl i i R

(continued)

Co - Cc(2) 2.096 ( 5) B(4') ~ B(5') 1.748 (11)

_ Co - B(3'") 2.108 ( 6) B(4') -~ B(7") 1.802 ( 8) ;
- Co ~ B(71) 2.162 ( ) B(4) - B(8")  1.708 (1p) 3
P Co - B(9') 2.141 ( 8) B(5') - B(8')  1.789 ( 9)

; Co - B(10') 1.963 ( 6) B(S') - B(3')  1.811 ( g
%l C(1') - c(2')  1.513 ( 7) B(7') - B(8')  1.801 (10)
g} Cll') - B(3")  1.663 ( 9) B(7'} -~ B(10')  1.718 (10)
b
|
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fable VI, continued

c(l') - B(4")  1.603 (7 B(8') = B(9')  1.817 (10)
c(l') - B(5')  1.641 ( 9) B(8') - B(10') 1.682 ( 9)
clZv) - B(3')  2.192 ( 9) B(9') - B(10') 1.770 (11) §
: c(2') - B(5")  1.739 ( 8) C(l': - c(1M)  1.533 ¢ 7) :
3 c(2') - B(9") 1.619 ( 7) C(2') - c(2M)  1.487 ( 7 ;
X B(3') - B(4')  1.831 ( 9) ©c{M) - C(1E)  1.439 ( 9) ;
| B(3') - B(7')  1.696 ( 8) c(2m) - C(2E)  1.457 [ 8)
3
. Terminal Hydrogen Atoms (Mean Distances) :
i B - B 1.113 <C(CHy) - H»  0.949 :
2 <C(CHy) =~ H» 1.006 <C(THF) - H> 0.953 f
' Tetrahydrofuran Ring s
0 - B(2) 1.506 ( 6) C(3) - C(4) 1.471 ( 8)
0 - c(3) 1.496 ( 4) c(4) - c(5) 1.480 ( 8)
0 - C(6) 1.463 ( 6) c(5) - C(6) 1.513 ( 7) |
F: )
b ]
1
]
;

e e 2]
A

- o s A el T W
i PUSTRPRINE PV & Lt g R0~ 2
e AT e o b Jadtl )
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VII. Selected Bond Angles (Deg.) in II and III

B(l) -
B(1l) -
B(l) -
B(1l) -
B(1l) -~
B(L) -
B(l) -
B(2) -

- B(2) -
:{ B(2) -
B(2) -
B(2) -
B(2) -
B(6) -
B(6) -
B(6) -
B(6) -
B(6) -
B(6) -

B(10)
B(10)
% | B(10)
E B(10)
B(10)

IT

Co ~ B(2) 49.8
Co - B(1l0) 49.1
Co - C(2") 163.3
Co - C(3") 142.9
Co - B(4") 102.9
Co - B(5") 90.7
Co - B(6"'") 120.5
Co ~ B(6) 49.0
Co - C(2") 145.6
Co - C(3") 109.2
Co - B(4") 95.8
Co - B(5") 121.2
Co -~ B(6"') 167.1
Co - B(1l0) 104.7
Co - C(2") 106.0
Co - C(3") 93.5
Co - B(4"') 116.0
Co - B(5"') l62.0
Co - B(6') 143.8
Co - C(2') 121.2
Co - C(3") 159.0
Co - B(4') 131.1
Co - B(5'") 89.5
Co - B(6"') 85.5
(continued)

(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)

III

49,
48.
170.
133.
98.
96.
138,
48.
130.
103.
99.
134.
172,
103.
96.
94.
123.
172.
125,

1
6

136.9

161.
123.

w WO

83.9

96

.9

(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(L
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)

i L b o NG o i

e itk L e el s
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Tsble VII, continued
1T

c(2') - Co - C(3")
""e(2') - Co - B(6")
c(3') - Co - B(4")
B(4') - Co - B(5')
B(5') - Co - B(6')

Co - B(1) - O

B(2) - B(1) - O
B(3) - B(1) - ©
B(4) - B(l) - O

B(10) - B(1) - O

B(l) - 0 - C(4)

B(1) - 0 - C(7)

C(4) - 0 - C(7)

0 - C(4) - c(5)

c(4) - C(5) - C(6)
C(5) - c(6) - C(7)
c(6) - c(71) -0

Co - C(2') - C(2M)
C(3') - Cc(2') - c(2m)
B(6') - C(2') = C(2M)
B(7') - C(2') - C(2M)

Co - C(3') - C(3M)

C(2') -~ C(3') - C(3M)
B(4') - C(3') - C(3M)
B(7') = C(3') - C(3M)
c(2') - c(2M) - C{2E)

41.

43,

43,

46.

46.
121.
1l6.
113.
110.
119.
123.
125,
111.
lo4.
103.
104.
102.
133,
120.
126.
134,
137.
120.
127.
132.
lls.

4
1
2
4
5
6
7
7
5
3
8
2
0
5
4
9
5
8
0
1
9
0
1
6
2
7

(continued)

(2)
(2)
(2)
(2)
(2)
(2)
(3)
(3)
(3)
(3)
(3)
(3)
(3)
(3)
(3)
(4)
(3)
(3)
(4)
{4)
(4)
(3)
{4)
(4)
(4)
(5)

I1X

38.2
41.8
42.6
51.0
51.8
119.
118.
1l6.
110.
117.
122.
125.
108.

B d A N Wm e O o ¢

104.
107.

u W

106.

~

103.
127.
l21.

wm 0

121.

129.7
123.5
121.8

e R AMAR D SN LM it

(1)
(1)
(1)
(1)
(1)
(2)
(2)
(2)
(2)
(2)
{2)
(2)
(2)
(3)
(3)
(3)
(3)
\2)
(3)
(3)

(2)

(3)
(3)

T S et
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Table VII, continued !
11 III é
C(3') -~ C(3M) - C(3E) 115.8 (4) — g
" 'Co - B(6) ~ B(7) 113.1 (3) 114.1 (2) ?
B(6) - B(7) - B(8) 114.0 (3) - 115.7 (2) !
B(7) - B(8) - B(9) 119.8 (3) 118.5 (2) é
B(8) - B(9) - B(10) 107.2 (3) 106.1 (2) ;
Co - B(10) - B(9) 116.8 (3) 119.2 (2) i
H(56) - B(6) - H(67) 9% (2) 88 (2) 3
H(89) - B(9) - H(910) 92 (2) 92 (2 é
Co - H(%6) - B(6) 98  (2) 96  (2) :
| B(6) - H(67) - B(7) 90  (2) 89 (2)
X B(8) - H(89) - B(9) ' 85  (2) 92  (2) f
§£ B(9) - H(910) - B(10) 92  (3) 92  (2) ]
B(4') - H(45') - B(S5') — 98  (2) f
B(5') - H(56') - B(6") _— 93 (2)
1
!

o A B
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Table VIII. Selocted Bong Angles (Deg.) in VIIT

4
- B(2) - Co - B(5) 49.2 (2) Co - C(2') - B(3") 58.9 (2)
3 B(2) ~cCo - B(7) 49.3 (2) C(l') - c(2') - B(5") 60.1 (4)
t B(5) - Co - B(7) 87.5 (2) Co - C(2') - B(9") 69.0 (3)
- C(2') - Co - B(3') 62.8 (2) B(5') - C(2') - B(9") 65.2 (4)
] B(3') - co - B(7') 46.8 (2 Co -C(2') - c(2m) 119.4 (4)
3 B(7') - Co - B(10') 48.9 (3) CN -c@n - cm 11408 (4)
?f B(9') - Co - B(10') s50.9 (3) B(3') ~C(2") - c(2M)  134.3 (f) %
3 C(2') - Co - B(9') 44.9 (2) B(5') - c(2") -~ cl2m) 122,90 (s5) S
;i B(2) - Co - C(2') 162.3 (2) B(9') - c(2") - cl2m)  121.7 (5) |
é- B(2) - Co - B(3') 107.5 (3) C(2*) - c(am) - c(2e)  118.4 (¢)
?A B(2) - Co - B(7')  99.1 (2) Co -~ B(7) - B(8) 122.1 (3)
5 B(2) - Co - B(9')  152.7 (2) B(7) - B(8) - B(9) 116.5 (4)
i B(2) - Co - B(10') 105.3 (2) B(8) -'B(9) - B(10) 106.4 (5)
B(5) - Co - C(2")  113.5 (2) B(5) -~ B(10) - B(9) 118.8 (5)
B(5) - co - B(3") 84.4 (2) Co - B(5) - B(10) 120.1 (3)
B(S) - Co - B(7')  113.6 (2) Co - H(56) - B(S) 97.9 (6) %
B(5) - co - B(9') 157.4 (2) Co - H(67) - B(7) 90.6 (6) %
B(S) -~ Zo - B(10') 151.6 (3) B(8) - H(89) - m(9) 84.7 (7)
B(7) -~ Co - C(2')  142.7 (2) B(9) - H(910) - B(10) 78.0 (8)
B(7) - Co - B(3') 154.2 (3) H(56) - Co - H(67) 87.4 (4) |
B(7) - Co - B(7')  118.1 (2 H(89) ~ B(9) - H(910)  78.7 (6 g
B(7) - Co - B(3') 109.1 (2) Co - B(2) - 0 118.1 (3) .
' B(7) - Co - B(10') 85.3 (3 B(1) - B(2) - 0O 109.9 (4) ?
C(2') - c(1') -B(3') 87.2 (4) B(3) - B(2) - o 113.1 (4) ;
C(2) - c(1') - B(5') 66.3 (4) B(5) - B(2) - o 121.7 (4)
B(3') -~ C(1') -B(4') 68.2 (4) B(7) - B(2) - o 124.2 (4)
~BU') - ca1) -B(5') 65.2 (4) B(2) - 0 - ¢(3) 124.4 (4)




c(2')
B(3')

B(4')-

B(5')

c(1")
c(1")

c(1")
c(1")

e

c(1')
C(1M)
c(2')

C(1M)
C(1M)
C(1M)
C(1m)
C(1E)
B(3')

3

Table VIII - continued

123.3 (4)
123.5 (5)
126.9 (5)
121.3 (5)
116.0 (5)
49.3 (3)

B(2) - 0 - C(6)
C(3) - 0 - c(s)
0 - C(3) -~ c(4)
C(3) - c(4) - c(5)
C(4) - c(5) - ¢(6)
o - 6(6) - C(5)

123.7 (¥

110.9
103.4
108.1
104.2
103.3

(3)
(4)
(s)
(5)
(4)
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Figure

Figure

Figure

Figure
Figure

Figure

3

Figure Captions

Stereoview of the molecular structure of
[2,3—(Csz)2C2B4H4]-5-Co[B9H12~1-0(CH2)4], I.
Hydrogen atoms are omitted for clarity, except

for the B-H-B and B-H-Co bridges.

Stereoview of the molecular structure of

[{2,3- (cn3) 2C233H5]-5-Co [Bgﬂlz‘l‘P(CHz) 4] , II.

Stereoview of the molecular structure of

[l,2~(C2H5)2C2B7H7]-6-Co[39H 2-0(CH III.

2)4]}

127
Unit cell packing in I,

Unit cell packing in II.

Unit cell packing in III.
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